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(71) We, The Lubrizol Corporation, 
a corporation organised and existing under 
the laws of the Sttte of Ohio, United States 
of America, of Box 3057 Euclid Station, 
5 Cleveland, Ohio 44117, United States of 
America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it is 
to be performed, to be particularly described 
10 in and by the following statement: — 

This invention is concerned with novel 
esters of certain substituted maleic and 
fumaric acids with monohydric and poly- 
hydric alcohols as well as lubricants and 
15 fuels containing these esters. 

According to the invention there is pro- 
vided an oil-soluble ester of a substituted 
maleic or fumaric acid wherein the sub- 
stituent is substantially aliphatic, substan- 
20 tially saturated and substantially hydro- 
carbon, as hereinafter defined, and contains 
at least thirty aliphatic carbon atoms, and 
a monohydric or polyhydric alcohol. Prefer- 
ably -the ester is an ester of a poly(l-mono- 
25 olefinHubstituted maleic acid or fumaric 
acid wherein the poly(l-monoblefin) sub- 
stituent has at least fifty aliphatic carbon 
atoms and a mono- or poly-hydric alkanol 
of up to twelve carbon atoms. Desirably the 
30 polyhydric alkanol contains 3 to 6 hydroxyi 
groups and up to six carbon atoms. 

Throughout the specification and claims, 
the expression "substantially aliphatic, sub- 
stantially saturated and substantially hydro- 
35 carbon" as applied to the substituent of the 
maleic or fumaric acid, means that the sub- 
stituent may contain olefinic linkages, aryl 
groups and polar substituents but only in 
amounts insufficient to alter its generally 
40 aliphatic, saturated and hydrocarbon nature. 
Generally, the substituents will be aliphatic 
hydrocarbon substituents having an average 
molecular weight of about 400 to about 
1O000 and preferably from about 700 to 



about 5,000. These substituted maleic and 
fumaric acid acylating agents are readily 
prepared by reacting an ethylenically un- 
saturated reactant containing at least thirty 
aliphatic carbon atoms with bromo- or 
chloro-substkuted maleic or fumaric acid 
compounds such as the 2-chloro, 2-bromo, 
2,3-dichloro, or 2,3-dibromo-derivatives of 
maleic acid anhydride, maleic acid mono- 
d — C 7 alkyl ester, maleic acid di-Q — C 7 
alkyl ester, maleic acid mqnochloride, maleic 
acid dichloride, fumaric acid, mono-Q — C 7 
alkyl fumaric acid ester, di-Q — C 7 alkyl 
fumaric acid ester, monochloride of fumaric 
acid, or die dichloride of fumaric acid. The 
resulting products are the corresponding 
substituted maleic or fumaric acid acylating 
agent. 

The ethylenically unsaturated reactant 
used in the preparation of the substituted 
maleic and fumaric acid acylatiiig agents arc 
principally the high molecular weight, 
ethylenically unsaturated petroleum frac- 
tions and substantially saturated olefin poly- 
mers. The olefin polymers derived from 
monoolefins (i.e., poly(l -monoolefins)) hav- 
ing from two to thirty carbon atoms are 
preferred reactants. The especially useful 
polymers are the polymers of 1 -mono- 
olefins such as ethylene, propene, 1-butene, 
isobutene, 1-hexene, 1-octene, 2-methyl-l- 
heptene, 3 -cyclohexyl- 1-butene, 2-methyl-5- 
propyl-l-hexene. Polymers of medial ole- 
fins, i.e., olefins in which the olefinic link- 
age is not at the terminal position, likewise 
are useful. These are exemplified by 2- 
butene, 3-pentene, and 4-bctene. 

The interpolymers of 1 -monoolefins such 
as illustrated above with each other and 
with other interpolymerizable olefinic sub- 
stances such as aromatic olefins, cyclic ole- 
fins, and.polyolefins, are also useful sources 
of the ethylenically unsaturated reactant. 
Such interpolymers include, for example, 
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those prepared by polymerizing isobutene 
with styrene, isobutene with butadiene, pro- 
pene widi isoprene, propene with isobutene, 
ethylene with piperylene, isobutene with 
5 chloroprene, isobutene with p-methoxy- 
styrene, 1-hexene with 1,3-hexadiene, 1- 
ociene with 1-hexene, 1-heptene with 1- 
pentene, 3-methyl-l-butene with 1-octene, 
3,3-dimethyI-l-pentene with 1-hexene and 
10 isobutene with styrene and piperylene. 

For reasons of oil-solubility and stability, 
the interpolymers contemplated for use in 
preparing acylating agents are substantially 
aliphatic and substantially saturated, that is, 
15 they will normally contain at least 80% and 
preferably 95% on a weight basis of units 
derived from aliphatic monoolefins. Prefer- 
ably they will contain no more than 5% ole- 
finic linkages based on the total number of 
20 the carbon-to-carbon covalent linkages pre- 
sent. Any pendant aryl groups such as 
would result from the use of styrene as an 
interpolymerizable monomer will normally 
not exceed one such pendant aryl group per 
25 average of twenty-five aliphatic carbon atoms 
in the substituent. Preferably, the sub- 
stituents will be completely aliphatic. 
Usually, the ethylenically unsaturated ali- 
phatic reactant will be an ethylenically un- 
30 saturated, aliphatic hydrocarbon reactant 
but ethylenically unsaturated, aliphatic, sub- 
stantially hydrocarbon reactants containing 
polar substituents are also contemplated. 
Such polar substituents include hydroxy, 
35 mercapto, nitro, oxo, thioxo, and the like. 
Polar substituents, if present, will not norm- 
ally exceed 10% by weight of the total 
weight of the hydrocarbon portion of the 
ethylenically unsaturated aliphatic reactant. 
40 The ethylenically unsaturated reactants 
used in the preparation of the acylating 
agents normally have molecular weights of 
from 400 up "to 10,000, preferably" about 
700 — 5,000. The preferred reactants are the 
45 above described poly(l -monoolefins) having 
an average molecular weight of 700 to 5,000. 
When however, the acylating agent is de- 
rived from a polyolefin having an average 
molecular weight in excess of about 10.000, 
50 the esters prepared therefrom also possess 
viscosity index improving capabilities in 
addition to their sludge-dispersing cap- 
abilities. Especially preferred reactants are 
polyisobutylene, polypropylene, polyethylene, 
.55 and ethylene-propylene copolymers having 
average molecular weights of 700 to 5,000* 
Polyisobutylene is the single most preferred 
ethylenically unsaturated poly(l-monoolefin) 
reactant. 

60 To prepare the substituted maleic or 
fumaric acid acylating agent, all that is re- 
quired is that the ethylenically unsaturated 
reactant as described above be intimately 
admixed with one of the above identified 

65 chloro- or bromo-substituted maleic or 



fumaric acid compounds and heated at a 
temperature usuallv within the range of 
200'— 300 C C, preferably from 230°— 
260 'C. Usually, the ethylenically unsatu- 
rated reactant and the monochloro- or 70 
monobromo-substituied maleic or fumaric 
acid compounds are mixed in a mole ratio 
of 1:1 to 1:1.5. If the ethylenically un- 
saturated reactant contains more than one 
ethylenic linkage and if it is desired to in- 75 
corporate an "average of more than one 
maleic or fumaric acid group per hydrocar- 
bon molecule, the 1 — 1.5 moles or more of 
the monochloro- or monobromo-substituted 
maleic or fumaric acid compound can be 80 
employed per ethylenic linkage. Similarly, 
acylating agents having an average of more 
than one substituent per maleic or fumaric 
group can be prepared by reacting the 
ethylenically unsaturated reactant with di- 85 
chloro- or dibromo-substituted maleic or 
fumaric compounds as identified hereinbe- 
fore in mole ratios of unsaturated reactant 
to maleic or fumaric acid compound of 
1.1 : 1 to 2.5: 1. Up to two substituents per 90 
maleic or fumaric acid groups can be formed 
in this manner. 

This reaction can be conducted in the 
presence of an inert liquid diluent although 
diluents normally are not necessary. Suit- 95 
able diluents include the aliphatic, aromatic, 
and cycloaliphatic hydrocarbons and chlori- 
nated hydrocarbons such as benzene, toluene, 
xylene, chlorobenzene, heptane, decane, 
cycTohexane, and the like. Other conven- 100 
tional diluents can be employed such as 
Stoddard Solvent, and the like. Due to the 
reaction temperature, the use of diluents 
having boiling points less than the preferred 
reaction temperatures generally results in an 105 
unnecessary increase of the reaction time. 
Thus, if a diluent is utilized, it will gener- 
ally be a high boiling diluent such as "a low 
viscosity mineral oil. 

As the substituted maleic acids, sub- 110 
stituted maleic acid anhydrides, and sub- 
stituted fumaric acids are the preferred 
acylating agents for preparing the esters 
of this invention, chloro-substituted maleic 
acid, chloro-substituted maleic acid an- 115 
hydride, and chloro-substituted fumaric acid 
are generally utilized in preparing the acylat- 
ing agents. 

The esters are generally prepared bv re- 
acting the ^ substituted maleic or fumaric 120 
acid ac3'lating agents with the desired alco- 
hol according to conventional esterification 
procedures. The alcohol reactant can be 
either a mono- or polyhydric alcohol and 
can be quite diverse in structure and chemi- 125 
cal composition. Ordinarily, these alcohol 
renctants will contain not more than fortv 
aliphatic carbon atoms but in the case of 
potyoxyalkylene alcohols, they may contain 
more carbon atoms. A preferred group of 130 
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alcohol reactants are the mono- and poly- 
hydric C x — C 12 alkanols. 

Monohydric alcohols include 1-butanol, 
1-decanol, 1-hexadecanol, 2-butene-l-ol, 1- 
5 hentriacontanol, 2-ethyl- 1-butanol, 2-ethyl- 
l-hexanol, lauryl alcohol, stearyl alcohol, 
tert-butyl alcohol, amyl alcohols, cyclo- 
hexanol, 2-cyclohexylethanol, N,N-diethyl- 
ethanolamine, 2-phenylethanol, and the 
10 monoaryl ethers, rnonoaLkyl ethers, and 
monoaralkyl ethers of alkylene glycols such 
as the monoethyl ether of ethylene glycol, 
the monophenyl ether of propylene glycol, 
and the monophenethyl ether of tetra- 
15 methylene glycol. 

Useful polyhydric alcohols include alkyl- 
; ene glycols and polyoxyalkylene glycols such 
as ethylene glycol, propylene glycol, tri- 
methylene glycol, butylene glycol, and poly 
20 glycols such as diethylene glycol, triethylene 
glycol, tetraethylene glycol, dipropylene gly- 
col, t'ripropylene glycol, dibutylene glycol, 
tributylene glycol, and other alkylene gly- 
cols and polyoxyalkylene glycols in which 
25 the alkylene radical contains from two to 
eight carbon atoms. These include the re- 
action products of various polyhydric al- 
kanols such as pentaerythritol, trimethyiol- 
ethane, trimethylolpropane, glycerol, man- 
30 nitol with alkylene oxides such as ethylene 
oxide, propylene oxide, butylene oxide, mix- 
tures of these, or sequential reactions in- 
volving first one and then the other to pro- 
duce, for example, polyoxyalkylene triols 
35 and tetrols having average molecular 
weights of 800 to 5000. The monoethers 
of the polyoxyalkylene glycols are also use- 
ful in preparing esters of the present inven- 
tion. These include the monoaryl ethers, 
40 monoallcyl ethers, and monoaralkyl ethers 
of the formula UO-(-^R x — 0-)- n R 2 — OR 3 
where R 3 is aryl such as phenyl, C x — C 7 
alkoxy phenyl, and C, — C 7 alkyl phenyl; 
Q — C 7 alkyl such as ethyl, propyl, tert-butyl 
45 and pentyl; and aralkyl such as benzyl, 
phenylethyl, phenylpropyl and p-ethyl- 
phenylethyl; n is a whole number of 2 to 
150, and R x and R 2 are lower alkylene of 
up to eight, preferably, -two to four carbon 
50 atoms. 

Other useful polyhydric alcohols include 
glycerol, monomethyl ether of glycerol, 
pentaerythritol, 9,10-dihydroxystearic acid, 
the ethyl ester of 9,10-dihydroxystearic acid, 

55 3-chloro-l f 2-propanediol, 1,2-butanediol, 1,4- 
butanediol, 2,3-hexanediol, 2,4-hexanediol, 
pinacol, erythritol, arabitol, sorbitol, man- 
nitol, 1 ,2-cyclohexanediol, 1 ,4-cyclohexane- 
diol, 1 ,4-(2-hydroxyethyl)-cyclohexane, 1 ,4- 

60 dihydroxy-2-nitro-butane, 1 ,4-di(2-hydroxy- 
ethyl)-benzene, the carbohydrates such as 
glucose, ramnose, mannose, glyceraldehyde, 
and galactose, di(2-hydroxyethyl)amine, tri- 
(3-hydroxypropyl)amine, NJSP-diChydroxy- 

65 ethyl)-ethylenediamine and copolymer of 



allyl alcohol and styrene. Alkylene oxides 
containing up to ten aliphatic carbon atoms 
are also useful for reacting with the sub- 
stituted maleic and fumaric acids to pre- 
pare esters of this invention. Suitable 70 
alkylene oxides include ethylene oxide, pro- 
pylene oxide, 1,2-butylerie oxide, styrene 
oxide, and the like. 

Included within this group of aliphatic 
alcohols are those polyhydric alcohols con- 75 
taining at least three hydroxyl groups, at 
least one of which has been esterified with 
a monocarboxylic acid having from eight to 
thirty carbon atoms such as octanoic acid, 
oleic acid, stearic acid, linoleic acid, 80 
dodecanoic acid, or tall oil acid. Examples 
of such partially esterified polyhydric alco-' 
hols are the monooleate of sorbitol, sorbitan 
monooleate, the monooleate of glycerol, the 
monostearate of glycerol, the distearate of 85 
sorbitol, and the di-dodecanoate of erythritol. 

A preferred class of esters are those pre- 
pared from polyhydric alcohols containing 
up to ten carbon atoms, and especially those 
containing three to ten carbon atoms. This 90 
class of alcohols includes glycerol; erythritol, 
pentaerythritol, dipentaerythrkol, gluconic 
acid, glyceraldehyde, glucose, arabinose, 1,7- 
, heptanediol, 2,4-heptanedioI, 1,2,3-hexane- 
triol, 1,2,4-hexanetriol, 1,2,5-hexanetrioI, 95 
2,3,4-hexanetriol, 1,2,3-butanetriol, 1 ,2,4- 
butanetriol, quinic acid, 2,2,6,6-tetrakis- 
(hydroxymethyl)-cyclohexanol, 1 ,1 0-decane- 
diol, digitalose, and the like. The esters 
prepared from aliphatic : alcohols containing 100 
at least three hydroxyl groups and up to 
ten carbon atoms are particularly preferred. 
An especially preferred class of poly- 
hydric alcohols for preparing the esters of 
the present invention are the polyhydric al- 105 
kanols containing three to ten carbon atoms 
and, particularly, those containing three to 
six carbon atoms and having at least three 
hydroxyl groups. Such alcohols are ex- 
emplified in the above specifically identified 110 
alkanols and are represented by glycerol, 
erythritol, pentaerythritol, mannitol, sorbitol, 
1,2,4-hexanetriol, trimethylolethane, tri- 
methylolpropane, and the like. 

Amino alcohols are also contemplated as 115 
being suitable for preparing the esters and 
may be monohydric or. polyhydric amino 
alcohols. Examples are the N-hydroxy 
— C 7 alkyl amines and polyamines such 
as 2-hydroxethylamine, 3-hydroxybutylamine, 120 
di-{2-hydroxylethyl)amine, tri-(2-hydroxy- 
ethyDamine, di - {2 - hydroxy propyl) amine, 
N,N,N X - tri - (2 - hydroxyethyl)ethylene- 
diamine, NJNTJsTSN 1 -tetra-(2-hydroxyethyl)- 
ethylenediamine, N-(2-hydroxyethyl)-piper- 125 
azine, N.N 1 -di- (3 -hydroxy Drppyl)piperazine, 
N - (2 - hydroxyethyl)morDholinc, N - <2 - 
hydroxyethyD - 2 - mornholinone, N - (2 = 
hydroxyeth'yl) - 3 - methyl - 2 - morpholin- 
one, N - (2 - hydroxypropyl) - 6 - methyl - 2 - 130 
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morpholinone, N-(2-hydroxyeihyl)-5-carb- 
ethoxy-2-piperidone, N-( -2-hydroxypropyD- 
5-carbethoxy-2-piperidone, N-(2-hydroxy- 
ethyl)-5-(N-butylcarbamyl)-2-piperidone, N- 
5 (2-hvdroxYetiiyl )piperidine, N-(4-hyd roxy- 
. butyl )piperidine, N.N-di-(2-kydroxyethyl)- 
orlycine, and esters thereof with aliphatic al- 
cohols, especially Q— C 7 alkanols, N,N-di- 
(3-hydroxypropyl)glycine, and the like. Also 

10 contemplated are other mono- and poly-N- 
hydroxyalkyl-substituted alkylene polyamines 
wherein die alkylene radicals contain two 
to four carbon atoms and the polyamine has 
up to seven amino groups. 

15 As mentioned above, the esters are pre- 
pared through conventional esterific at! on 
techniques such as mixing the alcohol and 
carboxylic acid acylating agent and heating 
the mixture at a temperature of at least 

20 100°C. up to the decomposition temperature 
and usually at 150°— 300°C. The reaction 
may be conducted in the presence of a sub- 
stantially inert liquid di!uent and known 
esterification catalyst. Suitable diluents in- 

25 elude the aliphatic, cycloaliphatic, and aro- 
matic hydrocarbons and their chlorinated 
analogs exemplified by hexane, heptane, 
cyclohexane, benzene, toluene, xylene, 
chlorobenzene, chlorohexanes, and the like. 

30 Mineral oils, naphthas, Iigroin, and the like 
may also be used as a diluent. 

The reaction mixture comprises at least 
one of the above-described substituted maleic 
or fumaric carboxylic acid acylating agents 

35 and at least one of the foregoing types of 
alcohols. The esterification products con- 
templated by the present invention include 
mixtures of esters prepared by reacting one 
or more different acylating agents with one 

40 or more different alcohols of the general 
type described hereinabove. Similarly, ester 
mixtures suitable as lubricant and fuel addi- 
tives can be prepared by mixing two or more 
separately prepared es'ers. 

45 It is also contemplated that the esterifica- 
tion products of this invention may be con- 
tacted with organic or inorganic bases to 
neutralize any acidity in the esterification 
product. Alkaline earth metal bases such 

50 as calcium oxide, calcium hydroxide, barium 
oxide, barium hydroxide, and barium 
ethoxide are suitable inorganic bases. Amines 
such as ethylamine, propylamine, diethyl- 
amine and tetraethylene pentamine, are suit- 

55 able organic bases. It is not necessary that 
any residual acidity be neutralized, however, 
since the esterification products are useful 
dispersants without neutralization. Indeed in 
most instances there is little, if any residual 

60 acidity where sufficient alcohol is employed 
to react with all the carboxyl groups. 

Usually, at least one equivalent of alcohol 
is employed for each mole of acylating agent. 
Normally, there is no advantage in using 

65 more than about one mole of alcohol for 



each equivalent of acid acylating agent. The 
acylating agents have one equivalent per 
carboxyl group or equivalent derivative (e.g., 
O 

i! 

_C_C1) while the number of equivalents 
in an alcohol per mole depends upon the 70 
number of free alcoholic hydroxy groups 
present therein. Accordingly, if there is one 
maleic or fumaric acid group per substituted 
maleic or fumaric acid acylating agent, the 
acvlating agent has two equivalents per mole. 75 
Similarly, glycerol has three equivalents per 
mole: pentaervth-ritol, four; tri-(2-hydroxy- 
ethyl)aminc, three; and polyoxyethylene gly- 
col, two. Ordinarily, the total amount of 
acylating agent and alcohol used in the re- 80 
action mixture will vary from a ratio of 
1 : 1 equivalents to 1:1 mole. 

As will be apparent to those skilled in the 
art, the esterification product may be an 
acidic ester or diester or a mixture thereof. 85 
Especially where the alcohol reactant is a 
polvhvdrle alcohol, the esterification product 
is likely to be a mixture of various complex 
esters. 

The following examples illustrate preferred 90 
embodiments of this invention. As used in 
these examples and elsewhere in the specifi- 
cation and claims, "percentage/' and "parts" 
refer to percent by weight and parts by 
weight unless otherwise indicated. 95 

Example 1 

fa) A mixture consisting of 5000 parts of 
polvisobutvlene having an average molecu- 
lar' weight of about 1000 and 660 parts 
of chloroinaleic acid anhydride is heated to 100 
reflux (about 200 C C.) with nitrogen blowing 
over a one-hour period. With continued 
heating the temperature rises to about 240°C 
in four hours. The mixture is maintained 
at 240° — 245°C. for five hours, cooled to 105 
2!0°C, stripped to a temperature of 215°C. 
at 30 mm(Hg), and filtered. The filtrate is 
the desired polyisobutenyl-substituted maleic 
acid anhydride. It has a neutralization 
number (phenolphthalein) of 60 (acid). 110 

(b) The general procedure of (a) is re- 
peated using 660 parts of chlorofumaric acid 
to produce the corresponding polyisobutenyl- 
substituted fumaric acid. . 

(c) The general procedure of (a) is repeated 115 
using . 400" parts of 2,3-dichloromaieic acid 

to produce the corresponding dipolyiso- 
butenyl-substituted maleic acid acylating 
agent. 

By substituting other ethylenically un- 120 
saturated reactants of the type described 
hereinbefore for the polyisobutylene or by 
using other chloro- or bromo-substituted 
maleic or fumaric acid compounds as des- 
cribed hereinbefore, in lieu of the chloro- 125 
maleic acid anhydride, chlorofumaric, or 
2,3-dichIoromaleic acid, other substituted 
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maleic and fumario acid acylating agents can about 225°C. Then, 2630 parts of low 
be prepared. - ~ viscosity mineral oil added over a one-hour 

period during which time the mixture cools 
Example 2 to about 155 °C The resulting product is 40 

(a) A mixture comprising 2910 parts of filtered at a temperature of 130° — 135°C. 
5 the •substituted maleic acid anhydride pre- The filtrate is a 44.7% by weight oil solution 
pared according to the process of Example of the desired ethylene polyamine-treated 
l<a) and 351 parts of pentaerythritol are esterification product. It has a nitrogen 
heated with nitrogen blowing at a tempera- content of about 0.4%, and OH content of. 45 
ture maintained within the range of about about 1.45% by weight and a neutralization 
10 200° — 216°C. for five and one-half hours, number (phenolphthalein) of 1.9 (acid). 
Then, 7 parts of imidazole is added to the 
mixture which is then held at a temperature Example 3 

of about 208 9 — 213°C. for about 2.25 hours A reaction mixture comprising 2250 parts 
while continuing the nitrogen blowing. Then of polyisobutenyl-substituted fumaric acid 50 
15 an additional 10 parts imidazole are added produced according to the general pro- 
and the mixture is maintained at 198° — cedure of Example 1(b) having an average 
21 6°C. for 5.5 hours. Infrared analysis of molecular weight of about 1100 and about 
•the esterification mixture at this point shows 91 parts of sorbitol is reacted at a tempera- 
the presence of some unreacted anhydride, ture of about 140° — 160°C. in the presence 55 
20 A mixture comprising 140 parts dimethyl of 12 parts of p-toluene sulfonic acid, 500 
f ormamide and 40 parts xylene is added to parts xylene, and 500 parts mineral oil. Dur- 
the esterification product which is then ing the heating phase, water is removed as 
heated at 196° — 212°C. to remove substan- an azeotrope with xylene. After water evo- 
tially all water in the esterification product, lutipn substantially ceases, the esterification 60 
25 At that point the temperature is slowly raised product is filtered and then stripped to a 
to 225 °C. and maintained at 225°— 228°C. temperature of 150°C. and a pressure of 
with nitrogen blowing to remove the xylene. 20 mm{Hg). The stripped material is an 
The product is the desired pentaerythritol oil solution of the desired polyisobutenyl- 
ester of polyisobutenyl-substituted maleic substituted fumaric acid esters of sorbitol. 65 
30 acid. - Following the general procedure of Ex- 

(b) To the esterification product of 2(a) ample 3, other esters of the type contem- 
there is added fifty parts of a commercial plated by this invention can be produced by 
ethylene polyamine mixture having an aver- reacting the following substituted maleic 
age composition corresponding to that of and fumaric acid acylating agents with the 70 
35 pentaethylene hexamine over a 0.25 hour alcohols shown in the molar ratios indicated, 
period while maintaining a temperature of 
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TABLE 1 






Acylating Agent 
(A) 


Alcohol 
(B) 


Molar Ratio 
(A):(B) 


5 


Example 4 
I* 


Trimethylolpropane 


1:1.5 




Example 5 
I* 


Pentaerythritol 


1:1 




Example 6 
I* 


Sorbitol 


1:0.75 


10 


Example 7 
Prod, of Ex. 1(c) 


Triethanolamine 


1:2 




Example 8 
II* 


Polyethylene Glvcol 
(Avg. MoL Wt. 800—900) 


1:2 


15 


Example 9 
I* 


Tert-Butyl Alcohol 


1:2.1 




Example 10 

n* 


Propylene Oxide 


1:2.5 


20 


Example 11 

I* 


Jrentaer}'innioi ana 
Trimettiylolethane 
(Equimolar Mixture) 


*** 


25 


tXAMPLfc. 1^ 

i* 


Monobutyl Ether of 
Diethylene Glycol 


1 :2.2 



*Polvisobutenvl-substituted maleic acid anhydride having an average molecular 
weight of about 1450. 

**Polyisobutenvl -substituted fumaric acid having an average molecular weight 
of about 2500. 



30 



♦Equivalent ratio of (A) to (B) of 1 :2. 



By selecting other substituted maleic acid 
and fumaric acid acylating agents such as 
those described hereinabove and other 
mono- or polyhydric alcohols and reacting 

35 them according to conventional esterification 
procedures, still other high molecular weight 
• carboxylic acid esters of the type contem- 
plated bv 'this invention can be prepared. 
As mentioned before, the high molecular 

40 weight, oil-soluble esters of this invention 
are useful as additives in lubricants and 
fuels. When employed as lubricating oil 
additives they can be' present in amounts of 
from 0.01 % "to 30°', by weight in the final 

45 lubricating composition. Ordinarily, when 
used as additives for lubricating oil compo- 
sitions, the esters will be present in amounts 
of from 0.1% to 10%, usually 0.5% to 5%, 
bv weight although under unusually adverse 



conditions, such as in the operation of cer- 
tain marine diesels, they may comprise up 
to about 30% by weight of the lubriennt. 
The esters are particularly useful as dis- 50 
persants in lubricating oil compositions used 
in the crankcase of various internal com- 
bustion engines. Although they can be used 
effectively ~in gear and transmission lubri- 
cants, hydraulic fluids, greases, and the like. 55 
When employed in lubricating oils, the esters 
may be used alone or in combination with 
other disnersnnts or detergents. In addi- 
tion, the lubricating composition may con- 
tain other conventional additives such as 60 
rust inhibitors, oxidation inhibitors, visco- 
sity index , improving agents, extreme pres- 
sure additives, and other ash -producing and/ 
or ashless dispersants, and the like. 

The esters of this invention can be effec- 65 
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lively employed in a variety of lubricating 
compositions based on natural or synthetic 
lubricating oils. The lubricating compositions 
contemplated are principally lubricating oils 
5 for both spark-ignition and compression- 
ignition internal combustion engines. How- 
ever, other lubricating compositions can 
benefit from the incorporation of these addi- 
tives including lubricants from automatic 
10 transmissions, gear lubricants, metal-working 
lubricants, and hydraulic fluids. While the 
above lubricating compositions are norm- 
ally liquids, it is also anticipated that they 
may be converted to "thickened" lubricants 
15 or greases for specific applications by appli- 
cation of conventional grease-forming pro- 
cedures without departing from the scope 
of this invention. 
Natural oils include castor oil, lard oil, and 
20 solvent-refined or acid-refined mineral lubri- 
cating oils of the paraffinic, naph-thenic, or 
mixed parafnnic-naphthenic types. Oils of 
lubricating viscosity derived from coal or 
shale are also useful base oils. Other 
25 synthetic lubricating oils include hydrocar- 
bon oils such as polymerized olefins (e.g., 
polybutylenes and polypropylenes); alkyl 
benzenes (e.g„ dodecyl benzenes, tetradecyl 
benzenes, dinonyl benzenes and di-(2-ethyl- 
30 hexyl) benzenes); polyphenyls (e.g., bi- 
phenyls and terphenyls); and the like. Alkyl- 
ene oxide polymers and derivatives thereof 
where the terminal hydroxyl groups have 
been modified by, for example, esterification 
35 or etherification, constitute another class of 
known synthetic lubricating oils. These are 
exemplified by the oils prepared through 
polymerization of propylene oxide, the alkyl 
and aryl ethers of these polyoxyalkylene 
40 polymers (e.g., methylpolyisopropylene ether 
having an average molecular weight of 1000, 
diphenylether of polyethylene glycol having 
a molecular weight of 500 — 1000 and di- 
ethylether of polypropylene glycol having a 
45 molecular weight of 1000—1500) or the 
Q — C 7 alkanoyl esters thereof such as the 
acetic esters. Another suitable class of 
synthetic lubricating oils comprises the esters 
of dicarboxylic acids (e.g., phthalic acids, 
50 succinic acid, maleic acid, azelaic acid, 
suberic acid, sebacic acid, fumaric acid and 
adipic acid) with a variety of alcohols (e.g., 
butyl alcohol, hexyl alcohol, dodecyl alco- 
hol and 2-ethylhexyl alcohol). Specific ex- 
55 amples of these esters include dibutyl adip- 
ate, di-(2-ethylhexyl)sebacate, di-n-hexyl 
fumarate, dioctyl sebacate, diisooctyl azelate, 
dioctylphthalate, didecyl phthalate, dieicosyl 
sebacate, and the like. Other synthetic 
60 lubricating oils include liquid esters of 
phosphorus-containing acids (e.g., tricresyl 
phosphate and the diethyl ester of decane 
phosphonic acid); alkyl diphenyl ethers; and 
polymerized tetrahydrofuranes. Silicone- 
65 based oils such as the polyalky]-, poly aryl-, 



polyalkoxy-, and polyarylpxy-siloxane oils 
and silicate oils comprise another useful 
class of synthetic lubricants (e.g., tetraethyl 
silicate, tetraisopropyl silicate, tetra-2-ethyl- 
hexyl silicate, tetra(4-methyl-2- tetraethyl) sili- 70 
cate, tetra-p-tert-butylphenyl silicate, hexyl- 
(4-methyl-2~pentoxy)disiloxane, poly(methyl)- 
siloxanes and poly(methylphenyl)-snoxanes). 
This identification of certain oils is not in- 
tended to be inclusive but is merely illus- 75 
trative of the type of base oils contemplated 
by this invention. 

In fuels, the esters promote engine cleanli- 
ness by reducing or eliminating harmful de- 
posits in the fuel system. Their presence 80 
promotes carburettor and fuel line cleanli- 
ness and often reduces or eliminates the de- 
positions of carbonaceous deposits in 
interna] parts of the engine such as on ex- 
haust parts. Normally, the esters used in 85 
fuels will be derived from acids having an 
average molecular weight of 400 — 2500 and 
alcohols containing not more 'than ten carbon 
atoms. The esters a-re primarily intended 
for use in the normally liquid petroleum dis- 90 
tillate fuels, that is, the petroleum distillates 
which boil in the range characteristic of 
petroleum fuels such as gasolines, fuel oils, 
diesel fuels, aviation fuels, kerosene, and the 
like. When employed in fuels, they are 95 
generally employed in lower concentrations 
than in lubricants, for example, in amounts 
of from O.0001 % to 1 % bv weight and: gener- 
ally in amounts of from 0.001% to 0.1% by 
weight. As in the case of lubricants, other 100 
conventional additives can be present in the 
fuel compositions contemplated by the pre- 
sent invention. Additional additives include 
lead scavengers, deicers, antiscreen closgine: 
agents, demulsifiers, smoke suppressants and 105 
the like. 

The following are examples of the lubri- 
cating and fuel compositions contemplated 
by the present invention. 

Example A 110 

SAE 30 mineral oil containing 1% of the 
products of Example 11 and 0.5% of the 
product of Example 2(a). 

Example B 

SAE 20 mineral oil containing 0.75% of 115 
the product of Example 2(b) and 0.15% of 
the zinc salt of an equimolar mixture of 
di-cvclohexvlnhosphoroHithioic. acid and di- 
isobutylphosphorodithioic acid. 

Example C 120 

SAE 10W — 40 mineral lubricating oil 
containing 1.5% of the product of Example 
8, 0.075% of phosphorus as the adduct ob- 
tained bv heating di-nonvlDhosohororfi- 
thioate with 0.25 mole of 1.2-hexene ox?^e 125 
at lOO°C., a sulfurized methyl ester of tall 
oil acid having a sulfur content of 15%, 6% 
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of a polyisobutene viscosity index improver 
having an average molecular weight of about 
80,000—100,000, 0.005% of poly-(alkyl- 
methacrylate) anti-foam agent, and 0.5% 
5 lard oil. 

Example D 

SAE 20 mineral lubricating oil containing 
2.5% of die product of Example 7, 0.75% 
of phosphorus as the dioctyiphosphorodi- 

10 thioate, 2% of a barium detergent prepared 
by neutralizing with barium hydroxide a 
hydrolyzed reaction product of a polypro- 
pylene (molecular weight 2000) with one 
mole of phosphorus pentasulfidc and one 

15 mole of sulfur, 3% of a barium sulfonate 
detergent prepared by carbonating a mineral 
oil solution of mahogany acid and a 5% 
stoichiometrically excess amount of barium 
hydroxide in the presence of octylphenol as 

20 the promoter at 180°C, 3% of a supple- 
mental ashless dispersant prepared by co- 
polvmerizing a mixture of 95% by weight 
of decylmethacrylate, 5% by weight of di- 
ethylaminoethyl acrylate. 

25 Example E « • . 

A di-2-ethylhexyI sebacate lubricating 
composition comprising 0.75% of the pro- 
duct of Example 9. 

Example F 

30 Diesel fuel containing 0.02% of the pro- 
duct of Example 5. 

Example G 

Gasoline containing 0.007% of the pro- 
duct of Example 5. 

35 The foregoing compositions illustrate types 
of compositions contemplated by the pre- 
sent invention. Many additional composi- 
tions apparent to those skilled in the art are 
available simply by replacing all or part 

40 of the esters used in these fuels and lubri- 
cants with an equal amount of other esters 
of the present invention. Optimum amounts 
for any application will depend upon the 
particular additive or additive combination 

45 selected, the specific fuel or lubricant, and 
the specific environment in which the fuel 
or lubricant is to be used. These oDtimum 
amounts can be ascertained through con- 
ventional evaluation techniques common- 

50 place in the industry. 

WHAT WE CLAIM IS: — 

1. An oil-soluble ester of a -substituted 
maleic or fumaric acid wherein the sub- 
stituent is substantially aliphatic, substan- 

55 dally saturated and substantially hydrocar- 
bon, as hereinbefore defined, and contains 
at least thirty aliphatic carbon atoms, and 
a monohydric or polyhydric alcohol. 

2. An oil-soluble ester according to 
60 Claim 1 wherein the substituent is an ali- 



phatic hydrocarbon substituent having an 
averase molecular weight of from 400 to 
10,000. 

3. An oil-soluble ester according to 
Claim 1 or 2 wherein the alcohol is a poly- 65 
bxvaikylene alcohol. 

4. An oil-soluble ester according to 
Claim 1 or 2 wherein the alcohol is a mono-, 
or polyhydric alkanol of up to twelve car- 
bon atoms. '0 

5. An oil-soluble ester according to any 
preceding Claim wherein the ester is an 
acidic ester or a diester. 

6. An oil-soluble ester, according to 
Claim 1 or 2 which Is an ester of a poly- 75 
fl-monoolefin) -substituted maleic acid or 
fumaric acid wherein the poly(l-monoolefin) 
substituent has at least fifty aliphatic carbon 
atoms and a mono- or polyhydric alkanol 

of up to twelve carbon atoms. 80 

7. An . oil-soluble ester according to 
Claim 6 wherein the poly(l-monoolefin) sub- 
stituent is derived from polyisobutylene, 
polypropylene, polyethylene, or an ethylene- 
propylene copolymer having an average 85 
molecular weight of from 700 to 5000. 

8. An oil-soluble ester according to 
Claim 6 or 7 wherein the polyhydric alkanol 
contains 3 to 6 hydroxyl groups and up to 

six carbon atoms. 90 

9. An oil-soluble ester according to any 
one of Claims 6 to 8 which is an ester of 
a polyfl-monoolefin)-substituted maleic acid. 

10. An oil-soluble ester according to any 
one of Claims 6 to 9 which is an acidic ester 95 
or a diester. 

11. An oil-soluble ester according to any 
one of Claims 6 to 10 which is an ester of 
trimethvlol ethane, trimethylol propane, m 
pentaerythritoL sorbitol, or mannitol. AUU 

12. An oil-soluble ester according to 
Claim 1 1 which is an ester of a polyiso- 
butenyl-substituted maleic acid. 

13. An oil-soluble ester according to 
Claim 12 which is an ester of pentaerythritol. llD 

14. A lubricant or fuel composition com- 
prising, respectively, a major amount by 
weight of a lubricating oil or normally liquid 
fuel and a minor amount by weight of at 
least one ester according to Claim 1. 11U 

15. A lubricant or tuel composition com- 
prising, respectively, a major amount by 
weignt of a lubricating oil or normally liquid 
fuel and a minor amount by weight of at _ 
least one ester according to Claim 3. 10 

16. A lubricant or fuel composition 
comprising, respectively, a major amount by 
weight of a lubricating oil or normally liquid 
fuel and a minor amount by weight of an ^0 
ester according to Claim 6. 

17. A lubricant or fuel composition com- 
prising, respectively, a major amount by 
weight of lubricating oil or normally liquid 
fuel and a minor amount by weight of an 12 5 
ester according to Claim 7. 
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18. A lubricant or fuel composition com- 
prising, respectively, a major amount by 
weight of lubricating oil or normally liquid 
fuel and a minor amount by weight of an 
ester according to Claim 10. 

19. A lubricant or fuel composition com- 
prising, respectively, a major amount by 
weight of lubricating oil or normally liquid 
fuel and a minor amount by weight of an 
ester according to Claim 11. 

20. A lubricant or fuel composition com- 
prising, respectively, a major amount by 
weight of lubricating oil or normally liquid 
fuel and a minor amount by weight of an 
ester according to Claim 12. 



21. A lubricant or fuel composition com- 
prising, respectively, a major amount by 
weight of lubricating oil or normally liquid 
fuel and a minor amount by weight of an 
ester according to any one of claims 2, 4, 5, 
8, 9 and 13. 

22. A lubricant or fuel composition ac- 
cording to claim- 14 substantially as herein- 
before described with reference to any one 
of Examples A to G. 

For the Applicants, 
D. YOUNG & CO., 
Chartered Patent Agents, 
9, Staple Inn, 
London, W.C.1. 
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